Laboratory diagnosis of Lyme borreliosis (LB), especially in the early stage of infection, is still unreliable. Routine diagnosis is done by serological detection of Borrelia burgdorferi-specific antibodies, but the sensitivity of this method during early infection is low and antibody concentrations decrease only slowly after therapy (1, 16, 17) . Cultivation of B. burgdorferi from body fluids is slow and inefficient, indicating a need for new diagnostic methods. Since PCR has proved to be a sensitive and fast method for the diagnosis of microorganisms that are difficult to culture, this new technology has been applied to LB in recent years (11, 15, 20, 22, 25, 44) . Under experimental conditions, the sensitivity of PCR is extremely high, and DNA of a single gene copy can be detected. However, application with clinical specimens has presented problems with inconsistent results (27, (30) (31) (32) 34) . The type of specimen, tissue or body fluid, best suited for optimal detection of DNA is not known. There is no agreement on the selection of primers. The genetic variations of B. burgdorferi subspecies make the construction of primer sets that can detect all pathogenic subspecies even more difficult (3, 5, 53) .
In contrast to skin biopsies, urine is easy to collect. Recently, promising results were published about the detection of borrelial DNA in the urine of patients with neuroborreliosis and Lyme arthritis (2, 6, 34, 42) . However, the diagnostic value of urine PCR in early infection is still unclear, and published results are controversial (18, 19, 22, 23) .
The purpose of this study was to determine the diagnostic value of PCR with skin biopsies and urine samples from patients with skin borreliosis.
MATERIALS AND METHODS
Patients. All patients were examined in the Dermatological Department of the Technical University of Munich, Munich, Germany. We examined 31 patients with early-stage skin borreliosis and 5 patients with late-stage skin borreliosis before therapy, 8 patients after antibiotic treatment (5 patients were treated with ceftriaxone [2 g/day intravenously], and 3 patients were treated with doxycycline [200 mg/day orally]), 27 patients with dermatological diseases other than LB, and 10 healthy control patients. Skin biopsies from patients and healthy controls were obtained between 1992 and 1995. Urine samples from 32 patients with skin borreliosis, from 8 patients with dermatological diseases other than LB, and from 8 healthy controls were collected at the same time as the biopsy and serum samples.
Patients with early-stage skin borreliosis were divided into two subgroups based on the duration of the skin lesion. A total of 15 patients had lesions lasting less than 4 weeks, referred to as erythema migrans (EM), and 2 of these patients had multiple erythemata migrantia (MEM). The two MEM patients were biopsied twice, yielding a total of 17 freshly frozen EM biopsies examined. A total of 16 patients had lesions lasting longer than 4 weeks, referred to as erythema chronicum migrans (ECM). Diagnosis of skin borreliosis was based on five criteria as follows: (i) history of a tick bite, (ii) typical skin lesions diagnosed by experienced dermatologists (H.H. and H.B.), (iii) histological examination with perivascular lymphohistiocytic infiltration, (iv) serological detection of elevated B. burgdorferi immunoglobulin M (IgM) and/or IgG antibodies by enzyme-linked immunosorbent assay (ELISA) and confirmed by Western blotting and (v) cultivation of B. burgdorferi. Patients presenting with a typical clinical picture and meeting one other criterion were included in the study. In the EM group, 10 of 15 (67%) patients could recall a tick bite and 10 of 15 (67%) patients had elevated B. burgdorferi antibodies. In the ECM group, 5 of 16 (31%) patients could recall a tick bite and 13 of 16 (81%) patients had elevated B. burgdorferi antibodies. The late-stage skin borreliosis group consisted of five patients with acrodermatitis chronica atrophicans (ACA). All were seropositive for B. burgdorferi-specific IgG antibodies. One patient with ACA had a reinfection, leading to ECM. The diagnosis of ACA was histologically confirmed by typical dense perivascular lymphocytic infiltrates with moderate-to-rich admixture of plasma cells, degeneration of collagen, and reduction and fragmentation of elastic fibers. The 27 patients with dermatological diseases other than LB had the following diagnoses: tick bite reaction or granuloma, lymphocytic infiltration, cellulitis, erythema nodosum, hypodermitis and skin changes due to chronic venous insufficiency, vasculitis, purpura, and pityriasis rosea.
Serology. Sera were examined for B. burgdorferi IgM and IgG antibodies by indirect flagellum ELISA (Lyme borreliosis ELISA kit; Dako, Glostrup, Denmark) and -capture-ELISA (IDEIA Borrelia burgdorferi IgM; Dako Ltd., Ely, United Kingdom) according to the manufacturer's instructions. Positive and borderline results were confirmed by Western blotting (Marblot; Mar Dx/Vi-ramed, Munich, Germany). Interpretative criteria were used as suggested by the manufacturer.
Skin biopsies. Six-millimeter punch biopsies were taken from the margin of the skin lesion and divided into three parts. One part was formalin fixed and paraffin embedded (PET) for histological examination. The second part was inoculated immediately into modified Barbour-Stoenner-Kelly-H (BSK-H) medium (Sigma, Deisenhofen, Germany) and incubated at 32°C for up to 6 weeks (33). Cultures were examined weekly by dark-field microscopy. The third part of the biopsy was immediately frozen (freshly frozen tissue [FFT] ) and stored at Ϫ70°C until PCR was performed.
Deparaffination of PET. From each paraffin block, 10 slices (15 m each) were cut by microtome. The blade was shifted after each block to prevent crosscontamination between the samples. Deparaffination was performed by a modified method as described previously (55) .
DNA preparation of skin biopsies. FFT as well as deparaffinated specimens was suspended in 100 to 500 l of lysis buffer (50 mM Tris, 1 mM EDTA, 0.5% Tween 20 [pH 8.5]) containing a final concentration of 1 mg of proteinase K (Boehringer, Mannheim, Germany) per ml. After overnight incubation at 55°C, the samples were boiled at 95°C for 10 min for inactivation of proteases. Samples were centrifuged for 20 min at 13,600 ϫ g. The supernatant was used immediately as the PCR template or stored at Ϫ20°C for later use.
DNA preparation from urine samples. Urine samples (20 ml each) were centrifuged at 3,800 ϫ g for 15 min, and the sediment was resuspended in 2 ml of supernatant and stored at Ϫ20°C. DNA extraction from urine was performed with glassmilk (Geneclean II kit; BIO 101, Inc., Dianova, Hamburg, Germany) according to the manufacturer's instructions. Eluted DNA was used as the template for PCR or stored at Ϫ20°C.
PCR. B. burgdorferi DNA was identified by using two primer sets targeting one of the two different chromosomal sequences of the 23S rRNA and the 66-kDa protein genes.
(i) 23S rRNA gene PCR (PCR I). Primers JS1 (5Ј-AGA AGT GCT GGA GTC GA-3Ј) and JS2 (5Ј-TAG TGC TCT ACC TCT ATT AA-3Ј) were directed against the chromosomal 23S rRNA gene, producing a 259-bp amplicon that was confirmed with probe FS1 (5Ј-AGT CTG TTT AAA AAG GCA-3Ј) by Southern blotting and hybridization (44) .
The reaction mixture (total volume, 25 l) for PCR with skin biopsies contained 2.5 l of sample template, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl 2 , 200 M (each) deoxynucleoside triphosphate (Pharmacia Biotech), 7.5 pmol of each primer, and 0.75 U of Taq DNA polymerase (Gibco BRL). The amplification reaction was carried out for 42 cycles in a DNA thermal cycler (Perkin-Elmer), with an amplification profile of denaturation at 94°C for 40 s, annealing at 43°C for 30 s, and extension at 72°C for 30 s. The cycles were preceded by a 5-min denaturation at 94°C and followed by a 7-min extension at 72°C. Each reaction mixture was overlaid with mineral oil.
PCR with urine samples was performed according to the method described by Maiwald et al. (23, 24) . The reaction mixture (total volume, 50 l) contained 10 The cycles were preceded by a 2-min denaturation at 95°C and followed by a 2-min extension at 72°C. The efficacy of the urine DNA preparation method was evaluated by extraction and amplification of experimentally spiked urine and water (1 pg of extracted borrelial DNA/l). Amplification results were positive.
Amplified products were analyzed by agarose gel electrophoresis (2.5% NuSieve [3:1] ; FMC Bioproducts), stained with ethidium bromide in a final concentration of 0.5 g/ml, UV illuminated, and photodocumented.
The PCR I products were analyzed by Southern blotting and hybridization as described previously (40), with nylon membranes (Boehringer Mannheim). DNA fragments were cross-linked by UV irradiation (Stratagene, Heidelberg, Germany). Hybridization was done at final concentrations of 2 pmol/ml with the digoxigenin-labeled probe FS1 and the oligonucleotide tailing kit (Biochemica Boehringer Mannheim) at 45°C for 4 h. Hybridized amplicons were detected colorimetrically with the digoxigenin nucleic acid detection kit (Biochemica Boehringer Mannheim) according to the manufacturer's instructions.
(ii) Chromosomal 66-kDa protein gene PCR (PCR II). The same samples as those that were used for PCR I were analyzed with a second primer set directed against the chromosomal gene coding for a 66-kDa protein, originally described by Rosa and Schwan (39), characterized by Probert et al. (35) , and modified by Wienecke et al. (50) . Amplification was designed as a nested PCR. Primers Bb-1 (5Ј-AAA ACG AAG ATA CTC GAT CTG TAA TTG C-3Ј) and Bb-2 (5Ј-TTG CAG AAT TTG ATA AAG TTG G-3Ј) produce a 171-bp outer amplicon, and primers Bb-3 (5Ј-TAA TAC GAC TCA CTA TAG GGA GAT CTG TAA TTG CAG AAA CAC CT-3Ј) and Bb-4 (5Ј-GAG TAT GCT ATT GAT GAA TTA TTG-3Ј) produce a 92-bp inner amplicon. PCR conditions were in accordance with those described by Wienecke et al. (50) . The outer PCR contained a reaction mixture (total volume, 25 l) of 5 l of urine template, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl 2 , 200 M (each) deoxynucleoside triphosphate mixture (Pharmacia Biotech), 12.5 pmol (each) of primer Bb-1 and Bb-2, and 0.5 U of Taq DNA polymerase (Gibco BRL). Thirty cycles were carried out with an amplification profile of denaturation at 95°C for 30 s, annealing at 50°C for 30 s, and extension at 72°C for 30 s. The cycles were preceded by a 5-min denaturation at 95°C. Subsequently, 0.5 l of the product was used in a second PCR with primers Bb-3 and Bb-4 under the conditions described above. The amplification profile was identical to that described above except for annealing at 53°C and was followed by a 7-min extension at 72°C. PCR products were separated by agarose gel electrophoresis.
Sequence analysis. Amplification products of PCR I of two skin and three urine PCR samples were sequenced for identification, according to the dideoxy method (41) .
Sensitivity and specificity of PCR and contamination control. In each PCR, negative controls containing mastermix and sterile water instead of DNA template were included. Random water controls were included in PCR I. In the nested PCR, water controls were strictly alternated with patient samples. In addition, a positive control consisting of extracted borrelial DNA was included in each PCR run. Sensitivity was determined by serial dilutions. All three subspecies, strain ACA 1 (B. afzelii), strain ZQ 1 (B. garinii), and strain B31 (B. burgdorferi sensu stricto), were detectable with a sensitivity of 2 fg with both primer systems. Sensitivity was not impaired by abundant human DNA in concentrations of 300 ng. DNA of closely related borreliae, such as B. hermsii, B. parkeri, and B. turicatae, could not be amplified. Skin and urine specimens from healthy controls were also negative. The sensitivities and specificities of the two primer sets were comparable under experimental conditions. Sequence analysis of PCR I products from skin samples showed 100% identity with the published sequence of the B. burgdorferi 23S rRNA gene.
Inhibition. In order to exclude inhibition, all skin digests were screened for human DNA by amplification with a primer set targeting the human ␤ 2 -microglobulin gene, ␤ 2 -m 2 (5Ј-ATG ATG CTG CTT ACA TGT CTC GAT-3Ј), and ␤ 3 -m 3 (5Ј-CAT GTG ACT TTG TCA CAG CCC AAG-3Ј), producing a 677-bp amplicon (14) . The reaction mixture was composed of the ingredients listed above for PCR I. The annealing temperature was 49°C. If the PCR was inhibited, DNA was extracted with phenol-chloroform-isoamyl alcohol (25:24:1) to remove Taq polymerase inhibitors (47). DNA amplification was not possible because of inhibition in 9 of 131 skin samples which could not be eliminated in spite of repeated DNA extraction. However, these samples were included in the calculations of sensitivity.
Statistical analysis. Sensitivity and specificity were calculated. McNemar's 2 test was applied to calculate the significance of the difference in sensitivities.
RESULTS
Amplification of DNA from skin samples. We examined 38 skin biopsies from 36 patients with clinically defined skin lesions of early-stage (n ϭ 33) or late-stage (n ϭ 5) skin borreliosis. Paired FFT and PET samples from the same punch biopsy were available from 25 patients with EM or ECM and from 5 patients with ACA. Only FFT was available from eight patients. In the early-stage skin borreliosis group, 33 FFT specimens (17 EM and 16 ECM) were investigated. Two of these specimens were inhibited. Fig. 1 ). In the early-stage skin borreliosis group, 25 PET specimens (12 EM and 13 ECM) were examined. One ECM specimen was inhibited. The sensitivity of PCR I was 44% (11 of 25). The sensitivity of PCR II was 52% (13 of 25). In 56% (14 of 25), B. burgdorferi DNA was detected with at least one primer set. The concordance of both primer sets was 84% (21 of 25). The sensitivity for the EM group was 50% (6 of 12) by PCR I and 58.3% (7 of 12) by PCR II. In 66.6% (8 of 12), B. burgdorferi DNA was detected with at least one primer set. The sensitivity for the ECM group was 38.5% (5 of 13) by PCR I and 46.2% (6 of 13) by PCR II. In 46.2% (6 of 13), B. burgdorferi DNA was detected with at least one primer set.
In conclusion, there is no statistically significant difference in the sensitivities of PCR I and PCR II. However, a higher test sensitivity was achieved by using both primer sets. Overall sensitivity for the EM group was higher than that for the ECM group. The amplification sensitivity for PET is lower than that for FFT. In the late-stage skin borreliosis group, five paired PET and FFT specimens were examined. PCR I detected B. burgdorferi DNA in one PET and two FFT samples, whereas the PCR II detected B. burgdorferi DNA in one PET and four FFT specimens (Fig. 2) . All biopsies taken after antibiotic treatment were negative for B. burgdorferi DNA. No borrelial DNA was detectable in 27 specimens of patients with dermatological diseases other than LB. The specificity of PCR I and PCR II was 100% for these control groups. DNA amplification from urine. Urine specimens from 40 patients (26 with EM or ECM, 2 with ACA, 4 after therapy, and 8 with dermatological diseases other than LB) and from 8 healthy controls were examined. In 13 of 48 (27%) urine specimens, PCR I yielded a clear and intense amplicon at the same 259-bp level as the positive control amplicon in the gel. The signals were observed for all patient groups regardless of the diagnosis (7 with EM or ECM, 1 with ACA, 1 after therapy, 3 with dermatological diseases other than LB, and 1 healthy control) ( Table 2 and Fig. 3) . Amplification of urine samples by PCR II yielded only negative results. In order to determine the identity of the PCR I products, three samples showing distinct amplicons at 259 bp in the gel were directly sequenced. Sequencing results yielded a DNA sequence of a microorganism showing 73% identity with the 23S rRNA gene sequence of B. burgdorferi (Fig. 4) . Forward primer JS1 was identical to the newly found sequence, thus explaining the strong signal in the gel. Reverse primer JS2 was only 50% homologous. Probe FS1 had only 44% homology with the central base pairs, thus explaining the negative hybridization results. The obtained sequence was most likely of bacterial origin, but the organism could not be identified with the available sequence data banks, including a bank for bacterial 23S rRNA genes. The sequence had 77% homology with Rickettsia prowazeckii and Haemophilus influenzae, which are phylogenetically distant from B. burgdorferi.
Comparison of culture and PCR. Skin biopsies of 21 patients (11 with EM, 8 with ECM, and 2 with ACA) were cultivated in modified BSK-H medium. B. burgdorferi could be isolated from 82% (9 of 11) of the EM lesions and 75% (6 of 8) of the ECM lesions. For early-stage skin borreliosis, 79% (15 of 19) of the cultures were positive. All culture-positive specimens were positive by PCR. In addition, B. burgdorferi DNA was also detected in FFT samples of four culture-negative biopsies. The two cultures from late-stage skin borreliosis samples were negative, but DNA amplification of FFT yielded positive results by PCR II. Cultures of the therapy control group (n ϭ 7) and the exclusion group (n ϭ 19) were negative, as were PCR results.
Comparison of serology and PCR. Elevated B. burgdorferispecific antibodies could be detected in 66.6% (10 of 15) of EM and 81.3% (13 of 16) of ECM patients. For early-stage skin borreliosis, the sensitivity of serologic antibody detection was 74.2% (23 of 31). PCR detection was superior, with a sensitivity of 87.9% (29 of 33) . In this study, five EM and two ECM patients did not have elevated B. burgdorferi-specific antibodies, but PCR amplification of DNA from the skin biopsies was positive and clinical diagnosis could be confirmed. On the other hand, PCR was negative for two specimens from 
DISCUSSION
We demonstrated that PCR is a very sensitive and specific method for detection of B. burgdorferi in FFT specimens from patients with early-stage skin borreliosis. By PCR I and PCR II combined, B. burgdorferi DNA could be detected in 88% of the early-stage skin borreliosis biopsies. This result is in the range of previously published sensitivities of between 60 and 90% (25, 27-29, 36, 43, 44, 48, 51, 52) . Despite the excellent sensitivity of PCR under experimental conditions, borrelial DNA cannot be detected by PCR in some patients with proven skin borreliosis. Taq polymerase was inhibited in two FFT samples, but borrelial DNA could be amplified in these cases when PET samples were used. In addition, borrelial DNA was not detected in PET and FFT samples from two patients with ECM, although the polymerase reaction was not inhibited in these samples. The two applied primer sets were able to detect the three known B. burgdorferi subspecies as shown with strains B31, ZQ 1, and ACA 1. It is possible that these patients were infected by strains which were not detected by either PCR I or PCR II, e.g., different subtypes of B. afzelii which are predominant in Europe (5, 45, 49) . It is more likely that detection of borrelial DNA failed because either concentrations of B. burgdorferi were below the detection limit or the biopsies did not contain B. burgdorferi. The DNA detection rate decreased from 94% for EM to 81% for ECM, indicating that sensitivity decreases with the increasing duration of the infection.
The concordance between primer sets PCR I and PCR II was 72% (26 of 36) for all skin borreliosis samples. In 26% (10 of 38) samples, B. burgdorferi DNA could be detected by only one primer set. This concordance is higher than that recently reported in a study investigating synovial fluid, cerebrospinal fluid, and urine of LB patients with later stages of infection, with a concordance of only 17% with two primer sets targeting a plasmid and a chromosomal gene (34) . In addition, a poor concordance of 24% for two different primer sets both targeting the plasmid OspA gene was observed for cerebrospinal fluid samples from 60 patients with neuroborreliosis. The interlaboratory reproducibility was only 26% in that study (30) . The most probable explanation for the inconsistency of results is that with patients' samples each primer system detected the target DNA of B. burgdorferi subspecies with different sensitivities despite comparable experimental sensitivities (32) . This interpretation is supported by the finding that the level of concordance increases with the concentration of B. burgdorferi used to infect mice (27) , suggesting that the DNA concentration is important in this respect.
To our knowledge, a comparison between paired PET and FFT samples from skin biopsies has not been published previously. Although PET and FFT samples were derived from the same punch biopsy, the sensitivity for PET with 50% (15 of 30 specimens) was much lower than that for FFT (87% [33 of 38 specimens]). This difference, which is statistically significant (P of Ͻ0.04), might be explained by the different quantities of tissue employed. The digest of FFT contained one-third of a 6-mm punch biopsy, whereas the digest of PET contained only 10 slices (15 m) of a third of the punch biopsy. In addition, PET undergoes many processing steps, which may affect DNA to such an extent that amplification is impossible. Storage time also has a certain impact on DNA quality (12, 13, 37) . Seven of eight PET samples stored less than 1 year gave positive amplification results, but only 12 of 25 stored longer than 1 year did. Therefore, we cannot recommend the use of PET for routine diagnosis of skin borreliosis. Nevertheless, PET can be valuable for resolving special questions in retrospective studies or as a substitute when FFT is not available or is inhibited.
In different studies, the rates of detection of borrelial DNA by PCR have ranged from 11 to 100% for urine samples from patients with neuroborreliosis (2, 6, 18, 19, 22, 34) , from 38 to 60% for patients with Lyme arthritis (19, 34) , and from 44 to 49% for patients with active LB (11, 23) . We were not able to confirm the presence of borrelial DNA in the urine of patients with early-stage localized or late-stage skin borreliosis. Several possible reasons for this discrepant result were excluded. Insufficient DNA extraction from urine was ruled out, since B. burgdorferi DNA could be detected in experimentally spiked urine. Furthermore, amplification of ␤ 2 -microglobulin DNA yielded positive results for urine DNA extracts, indicating that DNA was sufficiently extracted from urine samples. PCR I, FIG. 3 . Gel electrophoresis of amplification products from urine specimens with the 23S rRNA primer set (PCR I). Lanes: 1, molecular standard, pUC HaeIII digest (587, 458, 434, 298, 267, 257, 174, 102, 80, 18, and 11); 2, positive control, 500 fg of ACA-1 DNA; 3, negative control; 4, specimen from patient no. 17 (EM); 5, specimen from patient no. 1 (EM); 6, specimen from patient no. 12 (EM); 7, specimen from patient no. 19 (ECM); 8, specimen from no. 13 (EM); 9, specimen from patient no. 15 (EM); 10, specimen from patient with other dermatological disease; 11, negative control; 12, specimen from patient no. 21 (ECM); 13, specimen from patient no. 3 (EM); 14, specimen from patient with dermatological disease other than LB; 15, specimen from patient no. 28 (ECM); 16, specimen from patient no. 38 (ACA). which was performed as published by Maiwald et al. (23) , produced a strong amplicon of 259 bp in 27% of the urine samples in our study. These amplicons were not detected by a specific hybridization probe in Southern blotting or confirmed by PCR II. Three amplicons of PCR I were sequenced. The sequence was only 73% identical to the B. burgdorferi target DNA of the 23S rRNA gene. The new sequence is most likely from a not-yet-identified organism present in urine which is not recorded in the available sequence data banks. Schmidt et al. (42) , who investigated patients with early-stage skin borreliosis, reported a sensitivity of 92% for urine samples. These amplicons were neither hybridized nor sequenced.
The purpose of the present study was to compare the diagnostic value of PCR with that of culture and serology (Fig. 5) . At present, serology remains the main diagnostic tool for laboratory diagnosis of LB. However, in the early stage of localized skin borreliosis, only 50 to 80% of patients present with elevated B. burgdorferi-specific antibodies, depending on the duration of the infection (1, 8-10, 16, 17, 54) . In this study, borrelial antibodies were elevated in 74% of the serum samples from patients with early-stage skin borreliosis. Borrelial DNA could be amplified from the skin of 88% of these patients. B. burgdorferi-specific DNA could be detected by PCR in eight specimens of patients with EM who were seronegative. This result shows that PCR is especially advantageous during the diagnostic gap of serology from the onset of infection to the development of IgM antibodies. PCR cannot replace serology because serum is much easier to obtain than a skin biopsy, but PCR can contribute to the reliability of diagnosis during early stages of infection. PCR is also a valuable tool for treatment control, as shown by eight patients with EM whose PCR results were negative after antibiotic treatment. Similar conclusions have been published by Muellegger et al. (28, 29) .
The sensitivity of PCR with two primer sets (88%) was comparable to that of the culture (79%) in early skin borreliosis (Fig. 5) . Published data on the sensitivity of B. burgdorferi culture from biopsies of EM vary considerably, from 6 to 100% (4, 21, 26, 27, (44) (45) (46) . Although the isolation of B. burgdorferi has become much easier during recent years, 1 to 6 weeks is required to cultivate B. burgdorferi. In contrast to culture, PCR can detect nonvital organisms; once the protocol has been established, it is a fast and easy method. Borrelial DNA can be detected by PCR in contaminated cultures in which B. burgdorferi might be overgrown by other bacteria or fungi.
In conclusion, PCR with skin biopsies is a useful tool for the diagnosis of early-stage skin borreliosis. It is fast, sensitive, and specific. In the early stage of LB, PCR might be superior to serology and culture, but during the course of infection, the sensitivity of PCR decreases and the sensitivity of serology improves. PCR of urine samples cannot be recommended for routine diagnosis of skin borreliosis. VOL. 36, 1998 DIAGNOSTIC VALUE OF PCR FOR DETECTION OF B. BURGDORFERI 2663
